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Objective: Poor growth has been described in infants with a single ventricle; however, little is known regarding
its effect on surgical outcomes. We sought to assess the effect of nutritional status at the time of the bidirectional
Glenn procedure on short-term outcomes.
Methods: We performed a retrospective case series of children who underwent the bidirectional Glenn procedure
at our institution between January 2001 and December 2007. Anthropometric measurements were recorded at the
time of neonatal admission and the bidirectional Glenn procedure. Data from preoperative echocardiograms and
cardiac catheterization were recorded. The primary outcome variable was length of hospital stay.
Results: Data on 100 infants were included for analysis. Age at the time of the bidirectional Glenn procedure was
5.1 months (range, 2.4–10 months). The median weight-for-age z score at birth was0.4 (range,2.6 to 3.2), and
by the time of the bidirectional Glenn procedure, it had decreased to1.3 (range,3.9 to 0.6). In multivariable
modeling longer postoperative hospital stays were predicted by lower weight-for-age z score (P ¼ .02), younger
age (P< .001), being fed through a gastrostomy tube (P ¼ .01), and undergoing concomitant aortic arch recon-
struction (P< .001) at the time of the bidirectional Glenn procedure.
Conclusions: There is suboptimal weight gain between neonatal discharge and the bidirectional Glenn proce-
dure. A lower weight-for-age z score and younger age at the time of the bidirectional Glenn procedure affects
length of hospital stay independent of hemodynamic or echocardiographic variables.Supplemental material is available online.
Failure to thrive is common in infants with congenital heart
disease (CHD). Causes that have been proposed for this phe-
nomenon include inadequate caloric intake, increased en-
ergy expenditure, intestinal malabsorption, and decreased
splanchnic blood flow.1,2
Growth and nutrition studies in the past have linked fail-
ure to thrive to CHD. Cameron and colleagues3 reported that
malnutrition was present in 70% of children with CHD and
cyanosis, pulmonary overcirculation, or both. Strangway
and associates4 also showed a link between cyanosis and
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doi:10.1016/j.jtcvs.2009.02.033The Journal of Thoracic andpoor growth. Increased energy expenditure has been impli-
cated in infants with cyanotic CHD, including tetralogy of
Fallot and total anomalous pulmonary venous connection.5
Failure to thrive is especially prevalent among infants with
a single ventricle.6 These patients, who typically undergo
a series of palliative surgical procedures,7-9 have difficulty
achieving adequate nutritional and weight-gain goals be-
tween surgical stages.6
Poor nutrition, as defined by low fat-free mass, low body
mass index, or low serum albumin or prealbumin levels, is as-
sociated with longer hospital stays and increased rate of read-
mission in adult patients.10,11 Increased morbidity, including
increased rate of infection, has also been shown in malnour-
ished hospitalized adults.12 Similarly, poor nutrition, as de-
fined by low weight for age, has been linked to increased
mortality in children admitted to the hospital with serious
infections.13 Few studies have looked at the relationship
between nutritional status and surgical outcomes in children
undergoing cardiac surgery. Leite and coworkers14,15 found
increased rates of mortality and postsurgical infection in
a group of patients with diverse types of CHD, with poor
nutrition defined as low serum albumin levels or low weight
for age.
The cause of poor growth and malnutrition is poorly un-
derstood in the single-ventricle population. It is knownCardiovascular Surgery c Volume 138, Number 2 397
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that these infants have a lower than desired total caloric in-
take and that their growth improves with the introduction
of high caloric enteral feeds.6 It has also been shown that in-
fants with a single ventricle have more oral–motor feeding
difficulties and are slower to reach goal feeds.16 Finally,
energy expenditure is increased during the initial hours after
first-stage palliation in infants with a single ventricle17 but
has not been evaluated thereafter.
Over the past 10 to 15 years, there have been improve-
ments in surgical techniques, postoperative management,
and perfusion strategies that have led to significantly im-
proved survival after first-stage palliation in infants with
a single ventricle.18 There are no prior studies, to our knowl-
edge, relating nutritional status and weight gain to perioper-
ative morbidity in patients undergoing the bidirectional
Glenn (BDG) procedure or Fontan completion.
The purpose of this study was to identify specific anthro-
pometric parameters that predict poorer short-term surgical
outcomes and perioperative morbidity in infants with a single
ventricle after the BDG procedure.
MATERIALS AND METHODS
Study Design
This study was a retrospective case series including all patients who un-
derwent the BDG procedure at Cincinnati Children’s Hospital Medical Cen-
ter between July 2001 and December 2007. This study was approved by the
Institutional Review Board at Cincinnati Children’s Hospital Medical Cen-
ter (06-10-30). Study data were collected from hospital medical records and
Heart Institute outpatient records, as well as cardiac catheterization, echo-
cardiographic, and cardiac surgical databases. Exclusion criteria included
premature birth (<35 weeks’ gestational age); chromosomal abnormalities;
major congenital anomalies of the central nervous, gastrointestinal, and/or
pulmonary systems; age greater than 12 months at the time of the BDG pro-
cedure; or transfer to another institution before discharge.
Data Collection
Demographics. Demographic data collected included sex, gestational
age, and race.
Anthropometric measurements and nutritional man-
agement. Anthropometric measures included absolute weight and
weight-for-age z scores (WAZs) at initial neonatal hospital admission and
average daily weight gain during neonatal hospitalization, as well as weight,
length, body mass index, and z scores for age at the time of the BDG pro-
cedure. Weight and length z scores for age were calculated by using the Cen-
ters for Disease Control Epi-Info program (Centers for Disease Control,
Atlanta Ga). The feeding route, as well as the caloric density of formula,
were noted both at the time of neonatal discharge and again at the time of
the BDG procedure.398 The Journal of Thoracic and Cardiovascular SuPre-BDG procedure medical and surgical management.
Information regarding medical and surgical management before the BDG
procedure was recorded, including initial cardiac diagnosis, previous oper-
ations and hospital courses, episodes of necrotizing enterocolitis and vocal
cord paralysis, home medications, and use of supplemental oxygen before
the BDG procedure.
Echocardiographic and hemodynamic data. The findings
from the most recent echocardiogram performed before the BDG procedure
were reviewed. Atrioventricular valve regurgitation and aortic or neoaortic
regurgitation were considered significant if graded as moderate or greater.
Residual defects, including restrictive atrial septal defect (>2 mm Hg gradi-
ent) and aortic arch obstruction (>20 mm Hg peak corrected gradient), were
noted. Decreased ventricular function was defined as moderate or greater
systolic dysfunction in a right or left single ventricle or if there was a short-
ening fraction of less than 28% in any left ventricle.
Data from the most recent cardiac catheterization performed before the
BDG procedure were reviewed. Measurements recorded included mean pul-
monary artery pressure, transpulmonary gradient, pulmonary vascular resis-
tance, ventricular end-diastolic pressure, aortic arch systolic pressure
gradient, systemic arterial and mixed venous oxygen saturation, and hemo-
globin level.
Operative data. Operative variables recorded included intraoperative
mortality, cardiopulmonary bypass time, aortic crossclamp time, circulatory
arrest time, regional low-flow cerebral perfusion time, and additional proce-
dures performed.
Perioperative data. Variables recorded from the postoperative
course included postoperative mortality; total ventilator time (time from op-
erating room to extubation); chest tube duration; documented infections,
including culture-positive bacteremia, urinary tract infections, and pneumonia,
as defined by positive endotracheal tube aspirate with chest radiographic
changes consistent with pneumonia; pleural effusions requiring change in
diuretic regimen or insertion of a new chest tube; episodes of reintubation;
total intensive care unit days; and total hospital days.
Statistical Analyses
The primary outcome variable assessed was total length of hospital stay.
Secondary outcome variables included ventilator time, chest tube duration,
significant infections, significant pleural effusions, and episodes of reintuba-
tion. Statistical analysis was performed with STATA 10.0 analysis software
(StataCorp, College Station, Tex). All continuous variables were described
and tested for central tendency to determine the normality of the data distri-
bution. Normally distributed continuous variables are expressed as means
standard deviations. Nonnormally distributed data are expressed by using
the median value and range. Univariate analyses of potential risk factors
for adverse outcome were performed by using the Wilcoxon rank sum
test for continuous variables and the Fisher’s exact test for dichotomous var-
iables. Candidate predictor variables for multivariable modeling had a P
value of less than .1 on bivariate analysis. Multivariable analyses were per-
formed by using linear and logistic regression. A correlation table was used
to assess for colinearity of variables.
RESULTS
Study Population
A total of 120 patients underwent the BDG procedure at
our institution during the study period. Twenty patients
were excluded for the following reasons: prematurity of
less than 35 weeks’ gestation (n ¼ 4); chromosomal abnor-
malities (n ¼ 7); major central nervous, gastrointestinal, or
pulmonary system anomalies (n ¼ 2); age greater than 12
months at the time of the BDG procedure (n¼ 4); and transfer
to another institution before discharge after the BDGrgery c August 2009
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met inclusion criteria. Patient characteristics are shown in
Table 1. All patients undergoing superior cavopulmonary
anastomosis had a BDG shunt, and 7 patients received bilat-
eral BDG shunts; there were no hemi-Fontan procedures
performed.
Anthropometric Measurements and Nutritional
Parameters
At neonatal admission, infants in our study had a median
weight of 3.1 kg (range, 2.2–4.4 kg) and a median WAZ of
0.3 (range,2.6 to 3.2). At the time of the BDG procedure,
the median weight was 5.7 kg (range, 3.6–8.4 kg), and the
median WAZ decreased to1.3 (range,3.9 to 0.6), as dem-
onstrated in Figure 1. The median difference in WAZs be-
tween birth and the BDG procedure was1.2 (range,4.7
to 1.1). Similarly, the median z score for length at the time
of the BDG procedure was1.5 (range,4 to 1.3).
During the first 5 months of life, the average daily weight
gain for a healthy infant, according to the Centers for
Disease Control and Prevention databases, is 22.5 g.19 In
our cohort the median daily weight gain was 16.5 g/d (range,
8.9–30.3 g/d), and 89% of our patients failed to meet
recommended Centers for Disease Control and Prevention
standards (see Figure E1).
TABLE 1. Patient characteristics
Sex Male 56%
Female 44%
Gestational age (wk) 40 (35–40)
Birth weight (kg) 3.1 (2.2–4.4)
Race White 84%
African American 13%
Other 3%
Neonatal surgery No neonatal surgery 12%
BTS alone 22%
PA band alone 7%
Arch reconstruction 59%
With BT shunt 50%
With Sano shunt 9%
Age at BDG surgery (mo) 5.1 (2.4–10)
Dominant right ventricle 55
Hypoplastic left heart syndrome 37
RV-dominant AV canal 8
DORV/mitral atresia 6
RV to aorta/pulmonary atresia 4
Dominant left ventricle 45
Double-inlet left ventricle 21
Tricuspid atresia 11
Pulmonary atresia/IVS 10
LV-dominant AV canal 2
Other 1
BTS, Blalock–Taussig shunt; PA, pulmonary artery; BDG, bidirectional Glenn proce-
dure; RV, right ventricle; AV, atrioventricular; DORV, double-outlet right ventricle;
IVS, intact ventricular septum; LV, left ventricle.The Journal of Thoracic andPre-BDG Medical and Surgical Management
There were 95 patients who required neonatal hospitaliza-
tion for a median hospital length of stay of 20 days (range, 3–
100 days). During the neonatal hospitalization, there were 5
patients with necrotizing enterocolitis and 17 patients with
documented vocal cord paralysis. It is policy at our institu-
tion to perform fibroscopic airway evaluation of all infants
who have undergone the Norwood procedure before their
discharge from the hospital. At the time of the BDG proce-
dure, 97% of patients were receiving diuretics, 56% were
receiving an angiotensin-converting enzyme inhibitor, and
38% were receiving digoxin. Only 10% of the patients
were receiving supplemental oxygen.
A comparison of feeding plans at neonatal discharge and
just before the BDG procedure is shown in Figure E2. Infor-
mation was available on feeding plans for 94% of the cohort
at neonatal discharge and 94% of the cohort at the time of
the BDG procedure. The number of patients fed orally exclu-
sively increased from 25% to 69%, whereas the number of
FIGURE 1. Weight-for-age z scores at birth and at the time of the bidirec-
tional Glenn (BDG) procedure are shown. There was a significant trend
toward the lower end of the growth curve over time.Cardiovascular Surgery c Volume 138, Number 2 399
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tube feedings decreased from 75% to 35%. A majority of
patients were fed formula, with only 24% receiving breast
milk at neonatal discharge and 9% at the time of the BDG
procedure. Formula and breast milk were fortified to an av-
erage of 25.2 kcal/oz at neonatal discharge and 24.9 kcal/oz
at the time of the BDG procedure. Feeding plans were not
standardized and were left to the discretion of individual car-
diologists and pediatricians.
There were 8 patients who had placement of gastrostomy
tubes, 4 during their neonatal hospitalization and 4 during the
interstage period. All of these patients had hypoplastic left
heart syndrome (HLHS) or a variant and previously under-
went a Norwood procedure with aortic arch reconstruction,
leading to longer neonatal length of stay (36 vs 20 days,
P ¼ .02). In addition, this group required a higher caloric
formula (27 vs 24 kcal/oz, P¼ .007) in the interstage period.
Those patients with HLHS (n ¼ 37) had WAZs similar to
those of the remainder of the cohort at neonatal admission
(P ¼ .6) and at the time of the BDG procedure (P ¼ .6),
but there was a trend in this group toward younger age at
the time of the BDG procedure (4.8 vs 5.1 months, P ¼ .08).
This group had a longer neonatal hospital length of stay
(24 vs 20 days, P ¼ .007) and required higher caloric intake
(27 vs 24 kcal/oz, P ¼ .007) in the interstage period. There
was no difference in pre-BDG procedure oxygen saturation
(P¼ .09) or age at the time of the BDG procedure (P¼ .25)
in those infants who had a Norwood procedure performed
with a Sano shunt compared with those with a Blalock–
Taussig shunt. Interestingly, despite longer neonatal
hospitalizations and need for higher caloric intake, having
a diagnosis of HLHS was not associated with longer hospital
length of stay in multivariable modeling. There were no
differences in echocardiographic or hemodynamic measure-
ments between the patients with HLHS and the remainder of
the cohort.
Echocardiographic and Hemodynamic Data
All patients had echocardiograms, and 97 underwent car-
diac catheterization before surgical intervention. Echocar-
diographic and hemodynamic findings are shown in Table 2.
Operative Data
BDG procedures with takedown of the Blalock–Taussig
shunt were performed off cardiopulmonary bypass in 16 pa-
tients. In those in whom cardiopulmonary bypass was used
and no additional procedures were performed (n ¼ 46),
the median cardiopulmonary bypass time was 70 minutes
(range, 37–146 minutes). In those who had additional proce-
dures performed during cardiopulmonary bypass (n ¼ 38),
the median cardiopulmonary bypass time was 109 minutes
(range, 57–231 minutes). The most common additional pro-
cedures performed included pulmonary arterioplasty (n ¼
19), atrial septectomy (n ¼ 11), and aortic arch reconstruc-400 The Journal of Thoracic and Cardiovascular Sution (n¼ 8). Six patients had pulmonary artery band removal
off cardiopulmonary bypass. Aortic crossclamps for addi-
tional intracardiac procedures were used in 11 patients for
a median of 19.5 minutes (range, 8–95 minutes). Aortic
arch repair was performed in 8 patients, with a median re-
gional low-flow cerebral perfusion time of 42.5 minutes
(range, 23–95 minutes). Circulatory arrest was used in 5 pa-
tients undergoing aortic arch reconstruction for a median of
19 minutes (range, 2–38 minutes). In those in whom circu-
latory arrest was used, the circulatory arrest time was in-
cluded in the regional low-flow cerebral perfusion time.
Perioperative Data
There were 3 (3%) postoperative deaths. One patient with
a double-outlet right ventricle, mitral atresia, and a restrictive
atrial septum acutely had hypotension, bradycardia, and lactic
acidosis 7 hours postoperatively, and attempts to resuscitate
were unsuccessful. Autopsy showed a left-sided myocardial
ischemic event. A second patient with severe valvar pulmo-
nary stenosis and right ventricular hypoplasia underwent
balloon pulmonary valvuloplasty complicated by severe hyp-
oxemia requiring an emergency BDG procedure. Despite the
BDG procedure, the patient remained severely hypoxemic
TABLE 2. Preoperative echocardiographic and hemodynamic data
Median (range) Total
Echocardiographic
No. of days before BDG
echocardiogram performed
24 (1–176)
Moderate or greater atrioventricular
valve regurgitation
20 (20%)
Restrictive atrial septal defect
(>2 mm Hg)
5 (5%)
Aortic arch gradient (>20 mm Hg) 13 (13%)
Moderate or greater aortic
insufficiency
4 (4%)
Right ventricular systolic dysfunction 7 (7%)
Left ventricular systolic dysfunction 1 (1%)
Hemodynamic data
No. of days before BDG cardiac
catheterization performed
22 (0–129)
Hemoglobin (g/dL) 13.6 (10–19.6)
Mixed venous oxygen saturation 50% (26%–65%)
Systemic arterial oxygen saturation 76% (60%–92%)
Qp/Qs 1.17 (0.24–4.3)
Mean pulmonary artery pressure
(mm Hg)
14 (6–36)
Left atrial pressure (mm Hg) 6 (1–28)
Transpulmonary gradient (mm Hg) 7 (1–21)
Systemic ventricle end-diastolic
pressure (mm Hg)
7 (2–16)
Aortic arch gradient (>20 mm Hg) 9 (9%)
Pulmonary vascular resistance (IWU) 1.9 (0.24–5.2)
BDG, Bidirectional Glenn procedure; Qp/Qs, ratio of pulmonary blood flow versus
systemic blood flow; IWU, indexed Woods units.rgery c August 2009
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She ultimately died from complications related to extracorpo-
real membrane oxygenation. Finally, a third patient with
HLHS who had previously had a Norwood procedure died
after a prolonged postoperative BDG course that included
thrombophilia, resulting in bilateral superior vena cava clots;
reoperation for aortic arch obstruction and severe tricuspid
valve regurgitation; hemidiaphragm paralysis; and failed ex-
tubations, resulting in tracheostomy. Ultimately, the decision
was made to withdraw support rather than pursue transplan-
tation.
Of those who survived, the median intensive care unit
length of stay was 3 days (range, 1–42 days), and the median
hospital length of stay was 6 days (range, 3–56 days). The
median ventilator time was 16 hours (range, 0–495 hours),
and chest tube duration was 2 days (range, 1–6 days). Seven
patients required reintubation, and 10 patients had signifi-
cant pleural effusions. There were 9 patients with serious in-
fections, including bacteremia (n ¼ 3), urinary tract
infection (n ¼ 3), and pneumonia (n ¼ 3).The Journal of Thoracic andTable 3 demonstrates the results from univariate analyses
and multivariable modeling for perioperative outcome. Pa-
tients with a lower WAZ at the time of the BDG procedure
(P ¼ .02) were more likely to have prolonged hospitaliza-
tions. In addition, those who were younger at the time of
the BDG procedure (P< .001), those who were fed through
a gastrostomy tube before the BDG procedure (P¼ .01), and
those who underwent concurrent aortic arch reconstruction
(P< .001) were likely to have increased hospital length of
stay. Those patients with a lower WAZ (P ¼ .07) also
trended toward having 1 or more of any of the postoperative
complications we measured (mortality, pleural effusions, in-
fections, or failure of discharge goals).
Patients who underwent concurrent aortic arch recon-
struction (P< .001) and those who had a lower absolute
weight at the time of the BDG procedure (P ¼ .01) were
likely to have longer ventilator times. Those who had lower
average daily weight gain during their neonatal hospitaliza-
tion (P ¼ .03) and those fed through a gastrostomy tube at
the time of the BDG procedure (P ¼ .001) were more likelyTABLE 3. Univariate analysis and multivariable modeling for predictors of worse postoperative outcome
Variables Analyses
Univariate Multivariate
Outcome Independent P value P value b coefficient (95% CI) R2
Hospital length of stay (d) Age at BDG (mo) <.001 <.001 1.7 (2.6 to0.8) 0.43
Weight-for-age z score at BDG .06 .02 1.7 (3.2 to0.19)
Aortic arch reconstruction at BDG .03 <.001 20.8 (14.5 to 27.1)
Gastrostomy tube feedings at BDG .002 .01 6.5 (1.6 to 11.4)
Dominant right ventricle .07 NS
Diagnosis of HLHS .06 NS
Neonatal treatment of NEC .03 NS
Weight gain birth to BDG (g/d) .1 NS
Mean PA pressure at catheterization NS NS
PVR at catheterization NS NS
Ventricular end-diastolic pressure NS NS
Qp/Qs at catheterization NS NS
Ventilator time (min) Age at BDG (mo) .05 .008 8.4 (14.5 to2.2) 0.18
Weight-for-age z score at BDG NS .12 8.7 (20.1 to 2.5)
Aortic arch reconstruction at BDG .02 <.001 87.2 (45.9 to 128.5)
Cardiopulmonary bypass time (min) .03 NS
Diagnosis of HLHS .05 NS
Mean PA pressure by catheterization NS NS
PVR at catheterization NS NS
Ventricular end-diastolic pressure NS NS
Qp/Qs at catheterization NS NS
Chest tube duration (d) Weight-for-age z score at BDG NS .8 0.03 (0.24 to 0.31) 0.19
Neonatal admission weight gain (g/d) .04 .03 0.9 (1.6 to0.18)
Gastrostomy tube feedings at BDG .05 .001 1.3 (0.62 to 2.5)
Documented vocal card paralysis .08 NS
Mean PA pressure by catheterization NS NS
PVR at catheterization NS NS
Ventricular end-diastolic pressure NS NS
Qp/Qs at catheterization NS NS
BDG, Bidirectional Glenn procedure; NS, not significant HLHS, hypoplastic left heart syndrome; NEC, necrotizing enterocolitis; PA, pulmonary artery; PVR, pulmonary vascular
resistance; Qp/Qs, ratio of pulmonary blood flow versus systemic blood flow.Cardiovascular Surgery c Volume 138, Number 2 401
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BDG procedure (P>.2) was not associated with longer ven-
tilator time or chest tube duration.
No hemodynamic measurements or echocardiographic
findings were associated with worse postoperative outcomes.
Specifically, there was no association between pulmonary
vascular resistance, mean pulmonary artery pressure, or in-
creased ventricular end-diastolic pressure with outcome
measures. Performance of the BDG procedure off cardiopul-
monary bypass (P> .2) was not associated with better post-
operative outcomes. No anatomic diagnosis, including
having a dominant left or right ventricle (P>.2), having a di-
agnosis of HLHS (P>.2), or having a bilateral superior vena
cava (P> .2), was associated with an increased hospital
length of stay. Neonatal hospital length of stay (P> .2) and
episodes of necrotizing enterocolitis (P> .2) or vocal cord
paralysis (P> .2) did not predict worse outcomes. In addi-
tion, neither preoperative medication regimen nor caloric
density of formula predicted worse postoperative outcomes.
DISCUSSION
Infants in our study had a normal weight distribution at
birth but grew poorly and had a lower WAZ at the time of
their BDG procedures. Patients with a lower WAZ at the
time of the BDG procedure had a longer hospital length of
stay. These findings were independent of any echocardio-
graphic or hemodynamic measurements obtained before sur-
gical intervention.
Age at the time of the BDG procedure for our cohort was
similar to that of other studies focusing on outcomes after su-
perior cavopulmonary anastomosis.20 Mortality in our cohort
of patients was low and similar to what has been documented
in other reports.20 In those patients who survived, length of
hospital stay was comparable with that seen in other superior
cavopulmonary anastomosis series.20 This is the first study, to
our knowledge, to assess for associations between anthropo-
metric measurements and perioperative morbidity in infants
with a single ventricle who underwent the BDG procedure.
Poor growth noted in this cohort was similar to what Kelleher
and colleagues6 reported in infants with HLHS. We found that
a lower WAZ at the time of the BDG procedure predicted
a longer hospital length of stay. Studies in adults have shown
an association between poor nutrition and increased hospital
length of stay.10-12 Studies of hospitalized children have
shown an association between malnutrition and increased
morbidity and mortality.13,14 Caulfield and associates13
showed that malnourished children hospitalized with serious
bacterial infections had increased mortality. Poor nutrition
in hospitalized children undergoing cardiac surgery is associ-
ated with an increase in postoperative infections,14 which
might lead to longer hospital length of stay. In our series an
increase in the incidence of postoperative infections was not
observed. However, poor nutrition can lead to lower protein
reserves, causing decreased intravascular oncotic pressure402 The Journal of Thoracic and Cardiovascular Suand an increased frequency and severity of pleural effusions,
intestinal wall edema, and ascites. In addition, poor nutrition
might also result in lower levels of micronutrients, causing
poor immune function,21 which can affecting normal healing,
or decreased muscle mass11 and strength, hindering the ability
to recover after surgical intervention. Although the retrospec-
tive nature of this study precluded us from detailed informa-
tion, other factors that might have delayed hospital
discharge include increased time needed to reach goal feeds
and lower respiratory reserve requiring longer courses of sup-
plemental oxygen after extubation.
Younger age at the time of surgical intervention was asso-
ciated with a longer hospital length of stay. Jaquiss and
coworkers22 assessed for predictors of perioperative morbid-
ity in a series of patients undergoing the BDG procedure and,
similar to our study, found that younger patients had longer
total hospital lengths of stay. In addition, Jaquiss and co-
workers22 noted that younger patients tended to have lower
systemic oxygen saturation initially after the BDG procedure
and theorized that there might have been more cardiopulmo-
nary bypass–induced lung injury in this susceptible group.
The association between age and length of hospital stay is
particularly important because there is a current trend toward
performing the BDG procedure at a younger age.23
Infants undergoing concurrent aortic arch reconstruction
also had a longer total hospital length of stay. Decreased per-
fusion to the lower body during surgical intervention might
lead to splanchnic ischemia and postoperative reperfusion
injury, manifesting as the postcoarctectomy syndrome.24
Gastrointestinal manifestations of this phenomenon might
lead to poor feeding tolerance and a longer time to reach
feeding goals. Finally, in patients who underwent concurrent
aortic arch reconstruction, clinical decisions might have
been made to delay extubation in the postoperative period
longer than in those patients without arch reconstruction.
In our cohort only those with severe feeding and growth
difficulties underwent gastrostomy tube placement. All pa-
tients who had gastrostomy tubes placed had difficulty
with feeding and poor weight gain. The decision to place
a gastrostomy tube was made by individual cardiologists
and pediatricians. This group had prolonged neonatal hospi-
tal courses and received higher caloric support. Those in-
fants who had a gastrotomy tube placed did not have
improved growth after its placement compared with the re-
mainder of the cohort. We hypothesize that this was due to
their high metabolic needs and growth difficulties that re-
sulted in moving to this feeding strategy. We found that
these patients also were more likely to have prolonged hos-
pitalizations after their BDG procedures. We speculate that
this group had a higher metabolic need and might have
come to their BDG procedures with less nutritional stores,
leading to more difficulty with postoperative recovery.
Increased cardiopulmonary bypass time has been shown
to lead to a systemic inflammatory response.25 Significantrgery c August 2009
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younger infants have more immature lungs, which might
be more susceptible to cardiopulmonary bypass–induced in-
jury.27 This injury might prolong pulmonary recovery and
lengthen hospital stay. Similarly, systemic inflammation
might affect the gastrointestinal tract, leading to feeding in-
tolerance and difficulty reaching nutritional discharge goals.
Cardiopulmonary bypass time affected discharge goals,
whereas it did not affect total hospital length of stay, sug-
gesting a threshold effect.
Patients had a median ventilator time similar to what
others have reported.20 Similar to Kloth and Baum,28 we
found that younger patients were more likely to have longer
ventilation times. A lower functional residual capacity in
smaller children might lead to a propensity for more prob-
lems with areas of intrapulmonary shunting in the postoper-
ative period. Cardiopulmonary bypass–induced lung injury
in this group with potential lung immaturity might lead to
longer ventilator duration. Infants who underwent aortic
arch reconstruction also had longer periods of mechanical
ventilation. Although uncommon, postoperative chylo-
thorax might be more common after arch reconstruction.29
Finally, it might be that in patients who underwent concur-
rent aortic arch reconstruction clinical decisions were
made to delay extubation in the postoperative period.
The median chest tube duration in our series was also sim-
ilar to what others have found in this population.30 Infants
who were fed by means of a gastrostomy tube and those
who had poor growth during their neonatal hospitalization
likely had complicated neonatal courses requiring more ag-
gressive nutritional and medical management. We hypothe-
size that this group had lower nutritional reserves coming
into their BDG procedures, including lower albumin levels,
leading to increase fluid loss to the pleural space.
There are limitations to this investigation that must be ac-
knowledged. Because this was a retrospective case series,
during the data acquisition period, there might have been
specific data points that were missing. Anthropometric mea-
sures were used as markers of nutrition. Although other stud-
ies have used similar methods,13 these are indirect measures
of nutritional status; more accurate biochemical markers
might better predict poor nutrition. Because primary care
physicians and primary cardiologists determined feeding
plans, there was variability in management. This might
have introduced some bias, making it more difficult to find
differences that actually exist in nutritional makeup.
CONCLUSIONS
There is suboptimal growth in infants with a single ventri-
cle between their first- and second-stage surgical palliation.
Those infants with poor growth, as manifested by a lower
WAZ at the time of their BDG procedure, had longer hospi-
tal stays. In addition, younger infants, independent of WAZ,
were also more likely to have prolonged hospitalizations. NoThe Journal of Thoracic and Cechocardiographic or hemodynamic factors predicted longer
hospital length of stay.
These findings are clinically important because as we bet-
ter understand the physiology of poor growth in this popula-
tion and improve feeding strategies, we might be able to
improve outcomes after the BDG procedure. Additional
work in this area will add to our limited understanding of
the physiology of growth failure in patients with a single
ventricle. By using both retrospective and prospective
methods, risk factors need to be identified that predict poor
interstage growth, and appropriate biochemical markers
for nutritional failure need to be identified that might be
used as adjuncts to anthropometric measures. Although
short-term outcome after the BDG procedure is important,
other outcomes, including subsequent weight gain, suitabil-
ity for a later Fontan procedure, and cognitive and neurode-
velopment outcome, might also be affected by growth, and
these require further study. Ultimately, nutritional interven-
tions need to be prospectively evaluated so that we can im-
prove growth in this high-risk population.
With the understanding that this group of patients experi-
ences significant difficulty with feeding and growth, atten-
tion needs to be given to their nutritional status. As we
follow these patients between surgical stages, care needs
to be given to their weight gain and nutritional goals. Im-
proved weight gain will lead to improved outcome at the
time of their second-stage palliation.
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DFIGURE E1. Daily weight gain (in grams per day) for individual patients
between birth and BDG is shown. The dotted line indicates the recommen-
ded weight gain per day according to US Centers for Disease Control and
Prevention (CDC) growth curves. BDG, Bidirectional Glenn procedure.
FIGURE E2. Feeding modality at neonatal discharge versus feeding mo-
dality at the time of the bidirectional Glenn (BDG) procedure.The Journal of Thoracic and Cardiovascular Surgery c Volume 138, Number 2 404.e1
